Endomyocardial fibrosis was first described from Uganda as a pathological entity distinct from other forms of heart disease by Davies (1948) . The characteristic lesion of the disorder is a fibrosis of the endocardium and subendocardial tissues of the ventricles, which may involve the papillary muscles and cause valvular incompetence (Fig. 1) . The incidence of endomyocardial fibrosis at the Mulago Hospital Cardiac Clinic has been estimated at approximately 12 per cent of all cardiac diseases, excluding hypertensive heart disease (Somers and D'Arbela, 1964) . The aetiology of endomyocardial fibrosis is obscure. Van der Geld et al. (1966) have demonstrated a predisposition to auto-immune reactivity to the heart in endomyocardial fibrosis. A recent pathological study of 16 necropsy specimens, using histochemical techniques, suggests that the fibrotic scarring is preceded by changes in the cardiac ground substance and that the initial insult may be upon this structure rather than upon the cells themselves (Connor et al., 1967 (Connor et al., , 1968 .
The early clinical description of endomyocardial fibrosis from Mulago Hospital was by Ball, Williams, and Davies (1954) . They described the basic clinical features of 20 cases, proven at necropsy, of which 5 probably had predominant involvement of the right ventricle. Shillingford and Somers (1961) studied 15 patients with endomyocardial fibrosis by right heart catheterization. One-third of them probably had a predominantly right ventricular lesion but all the others had a moderate or severe pulmonary hypertension, suggesting considerable left ventricular disease. The clinical features of the right ventricular disease as it is seen in Nigeria have been reviewed by Abrahams (1962) , and a tentative outline for the possible natural history of Received June 1, 1967. * In receipt of grants from the Medical Research Council, London, and the British Heart Foundation. 309 endomyocardial fibrosis has been offered by Parry and Abrahams (1965) . The same authors have published haemodynamic data from studies on 30 patients of whom many had moderate pulmonary hypertension, suggesting that they had biventricular fibrosis (Parry and Abrahams 1963) . The relatively frequent occurrence of pericardial effusion in association with endomyocardial fibrosis was reported by Williams, Ball, and Davies (1954) , and Abrahams and Parry (1963) published the features of 6 patients with chronic pericardial effusion and right ventricular endomyocardial fibrosis. The purpose of this present paper is to report the clinical features of 28 patients with right ventricular endomyocardial fibrosis who have been studied in Mulago Hospital. In general our findings agree with those published from Nigeria though they differ in detail.
PATIENTS
When endomyocardial fibrosis affects only the right ventricle the signs of right-sided heart failure are marked, but clinical and radiological evidence of pulmonary congestion is absent. Left ventricular involvement results in pulmonary congestion and dyspnoea, pulmonary hypertension, and frequently mitral incompetence. The patients reported in this series all had severe involvement of the right ventricle. Eight patients had systolic murmurs audible at the mitral area suggesting the presence of left ventricular involvement but none had marked pulmonary hypertension, and only 2 had dyspnoea with pulmonary congestion. In some of these patients it is possible that the systolic murmur heard at the mitral area was tricuspid in origin.
Two of the patients have died and the diagnosis was confirmed at necropsy. In another 3 the Somers, Brenton, and Sood of the right side of the heart, and the appearances were typically those described by Cockshott (1965) in severe right ventricular endomyocardial fibrosis. The clinical features of 2 of the 28 patients have been partly described elsewhere (Shillingford and Somers, 1961 Splenomegaly was common and in 9 patients exceeded 3 fingers' breadth, suggesting a cause other than cardiac failure; chronic malaria was probably responsible in most of them. Liver biopsies in 2 patients showed the histology of big spleen disease (Marsden et al., 1965) . The high incidence of facial oedema was striking. Central cyanosis was not uncommon but was usually slight. There were no examples of marked clubbing but early clubbing occurred in 3 patients. Lid retraction and exophthalmos has been noticed in some patients. The systolic blood pressure was less than 100 mm. Hg in 14 patients, between 100 and 120 mm. Hg in 10 patients, and over 120 mm. Hg in only 4 patients. At the time of presentation 7 patients had atrial fibrillation, all the others being in sinus rhythm. Three of the latter subsequently developed atrial fibrillation or flutter and in one of these the arrhythmia precipitated collapse and death. Table III shows the incidence of various signs in the heart.
In 5 patients the apex beat could not be localized and was difficult to feel in most of the others. Frequently there was only moderate or slight cardiac enlargement, as judged by the position of the apex beat. Pulsation was commonly seen in the left 2nd, 3rd, and 4th spaces, with a slight lift over it in a few instances. Contraction of the right ventricular infundibulum, which appears vigorous on cineangiography even when the right ventricular apex is obliterated by fibrosis, appears to account for this sign. A third sound is usual and is loudest over the right ventricle and its outflow tract. Pansystolic murmurs of grade 2/4 or louder were heard in the mitral and tricuspid areas in 4 patients, and in the mitral area only in a further 4 patients. Twenty patients had no loud or sustained murmurs but in some of these very soft short systolic murmurs were sometimes heard at the apex or tricuspid area. Radiological Appearance of Heart and Lungs. Fig. 3 illustrates the values for the cardiothoracic ratios in 27 patients. In one patient a large right pleural effusion made measurement impossible. In 10 patients with ratios below 0 55 there was only slight cardiac enlargement, but in many of these early dilatation of the right atrium was evident and there was a rounded contour to the left heart border instead of the normal concavity between the aortic knuckle and left ventricle. The appearances are illustrated in Fig. 4 . Dilatation of the infundibulum of the right ventricle may account for the convexity of the left heart border, and cine-angiography seems to support this. In the left lateral view the retrosternal translucency is reduced in size as the right ventricular outflow tract encroaches upon it. The right and left pulmonary arteries appear normal or small. Moderate or gross degrees of cardiac enlargement are due either to more marked degrees of enlargement of the right atrium or to pericardial effusions or to a combination of these. Pericardial effusions were found in 13 patients and an effusion was present in all patients with a cardiothoracic ratio of 0-55 or greater, except in 3 patients whose marked cardiac enlargement was entirely due to gross right atrial dilatation. Endocardial calcification has been described in the right ventricle (Somers and Williams, 1962; Abrahams, 1962) but was only seen in 2 patients in this series. Both of Pericardial Effusion. Thirteen patients had a pericardial effusion, which was tapped in 11 of them, the volumes obtained ranging from 100-1000 ml. Air injections and radiography after removing the fluid always showed a thin pericardium and often a heart which was enlarged (Fig. 6 ). The fluid removed was usually clear yellow but sometimes blood stained, perhaps due to the trauma of the paracentesis. The protein content was commonly higher than in a simple transudate and a clot often formed in the removed fluid. The protein content of unclotted specimens from 10 patients varied from 2-4-70 g./100 ml., with a mean of 4-2 g./100 ml. The fluid contained from a very few cells to several hundred per cu. mm. Usually they were lymphocytes and mesothelial cells. In some patients the effusions were chronic and have persisted for 3 years in 3 patients, 2 years in 1 patient, and 1 year in 2 patients.
Electrocardiographic Findings. Standard 12-lead electrocardiograms were available for analysis from all patients. Atrial fibrillation was found in 7 patients at the time of presentation and later atrial fibrillation or flutter developed in 3 others. Two patients presenting with atrial fibrillation subsequently had episodes of regular rhythm. Voltages were strikingly low in standard limb and unipolar leads when they were first seen but sometimes improved during follow-up. Pericardial effusion may have accounted for the low voltages in some patients but could not have done so in all of them. The mean QRS vector was usually normal and the heart vertical, semivertical, or intermediate in position. A left axis or horizontal heart position was uncommon. The corrected Q-T interval was normal in 80 per cent of patients when they were first seexi.
An analysis of the P wave was possible in 23 patients, and abnormalities were found in 11 of them either at the time of presentation or subse-'
quently. An abnormally wide P wave was the common finding and it was usually notched (P mitrale). In 3 of the 11 patients the P wave exceeded 2 mm. in lead Vl (P pulmonale). Atrioventricular conduction as judged by the duration of the P-R interval was normal in most cases, being transiently prolonged to 0 22 sec. or greater in only- 4 patients. Only one patient when first seen showed marked abnormality of intraventricular conduction, with a fully developed right bundle-branch block. This abnormality subsequently developed in a second patient after presentation. Three other patients have shown an rsr1 configuration in lead Vl, with a duration of 0 10-0 12 sec. In addition to these, 10 patients had an rsr' configuration in lead Vi less than 0-10 sec. long. These rsr' complexes were usually of very low voltage, with all three waves approximately equal in size.
A dominant R wave in AVR or a dominant S in V5 occurred in 5 patients, suggesting right ventricular hypertrophy, but none exceeded a grade II right ventricular hypertrophy according to the criteria of Hollister and Goodwin (1963) . T wave inversion in the right-sided chest leads extending to include V3 or even further was found in about half the patients. It was not infrequently associated with S-T segment depression in the right and midpraecordialleads and elevation of the S-T segment in AVR, a pattern reminiscent of subendocardial infarction. Sometimes this pattern developed after presentation (Fig. 7) .
DIAGNOSIS OF RIGHT VENTRICULAR
ENDOMYOCARDIAL FIBROSIS When endomyocardial fibrosis affects only the right ventricle there appear to be three typical presentations if the clinical features are considered together with the appearance of the heart on the chest x-ray film. The three presentations are described below with illustrative case histories and their relative frequencies are represented in Fig. 8 . One patient has been excluded from this classification because in her case there was obvious mitral incompetence with left atrial enlargement as a result of left ventricular fibrosis.
Patients with Large Pericardial Effusion and Cardiac Failure. The important differential diagnosis in this group of patients is from cardiac tamponade due to a pericardial effusion of tuberculous, pyogenic, or other aetiology. Thirteen of our patients had pericardial effusions, but in 3 of them the effusion was small and the radiographic appearance of the heart did not suggest its presence. These 3 are therefore excluded from this category and included in the others below. In 6 of the other 10 patients the possibility was raised of a cardiac abnormality additional to that of pericardial effusion by the presence of some of the features of tricuspid incompetence or of mitral systolic murmurs. In the remaining 4 patients all the clinical features could have been explained on the basis of pericarditis with effusion and cardiac tamponade. The characteristics of the pericardial fluid in endomyocardial fibrosis have been described above. Tapping the pericardial fluid may reveal a cardiac shadow with a large right atrium and prominent infundibulum suggestive of endomyocardial fibrosis. The pericardium appears thin (Fig. 6) (Fig. 6) . Three hundred ml. of fluid were removed from the pericardial sac, with some improvement in the patient's condition. The fluid was sterile on routine culture and contained protein 3 g./100 ml. and 175 cells/cu.mm., mostly lymphocytes. Tubercle bacilli were not seen or cultured. Over the next two weeks the pericardial sac was tapped on three occasions, with the removal of 800, 600, and 1000 ml. of fluid. The pulsus paradoxus became less pronounced and the pulse volume improved. However, the jugular venous pressure remained greatly raised, and after the injection of air into the pericardial sac, the pericardium was seen to be thin and the heart abnormal in shape, with a large right atrium and dilated infundibulum (Fig. 6 ). Endomyocardial fibrosis was suspected and confirmed by right heart catheterization and angiocardiography of the right ventricle. Pressures in the right side of the heart are recorded in Table IV. Patients with Normal-sized or Moderately Enlarged Hearts and Cardiac Failure. The radiographic appearances of the heart in these patients do not suggest either pericardial effusion or giant right atria. However, some degree of right atrial enlargement is always present and can be proved by angiocardiography. This procedure may also reveal a small unsuspected pericardial effusion. Eleven patients have been included in this category, two of whom had very small pericardial effusions. The important differential diagnosis is from chronic and subacute constrictive pericarditis. Five of the 10 patients had either a mitral systolic murmur or evidence of trisuspid incompetence suggesting a All the characteristic clinical features of chronic constrictive pericardial disease can occur in endomyocardial fibrosis of the right ventricle, including the paradoxical arterial pulse, the sharp y descent of the venous pulse, the quiet heart apex beat, and the early third sound.
Case 2. A 26-year-old Rwanda man of the Hutu tribe had lived in Uganda for 10 years. His illness began in 1964, with swelling of the legs, face, and abdomen. He was admitted to Mulago Hospital 2 years later when he also complained of palpitations, breathlessness on exertion, and cough. There was no history of haemoptysis, orthopnoea, or paroxysmal nocturnal dyspnoea. On examination the patient was in regular rhythm, with a slightly paradoxical pulse of small volume. There was peripheral cyanosis and the blood pressure was 110/80 mm. Hg. The jugular venous pressure was raised 15 cm., with a normal venous wave pattern, and there was oedema of the legs and face, with a moderate ascites. The apex beat of the heart was impalpable. There were no murmurs, but a soft 3rd sound was audible at the left sternal edge. The electrocardiogram was generally of very low voltage with a P mitrale in lead II but was otherwise quite normal. The radiological appearance of the heart (Fig. 9) did not suggest any particular form of heart disease. There was no pericardial or endocardial calcification. The most likely diagnoses were thought to be constrictive pericarditis or endomyocardial fibrosis. Right heart catheterization and cine-angiography of the right ventricle were performed (Fig. 10) . The pressures are given in Table IV. Both pressure tracings and cine-angiography were characteristic of right ventricular endomyocardial fibrosis. Ebstein's anomaly which is also a rare cardiac disorder. The diagnostic problem in this group of patients is to be sure that the abnormal cardiac configuration is really due to a large right atrium. A moderately large right atrium may give a rounded contour to the appearance of the heart not altogether unlike that of a pericardial effusion.
Case 3. A 14-year-old girl (Fig. 11 ) gave a history of swelling of the abdomen for one year, followed by swelling of the face, dyspnoea, and palpitations on exertion, and a dry cough. On examination there was early clubbing, slight peripheral oedema, and a very gross ascites. There was atrial fibrillation with a slow ventricular rate before any digitalis preparation was given. The blood pressure was 120/90 mm. Hg, and the jugular venous pressure was raised to the ears. The apex beat of the heart was quiet and it was slightly displaced to the left. The heart sounds were normal and there were no murmurs. The electrocardiogram showed atrial fibrillation, right axis deviation, and a vertical heart position. There was a dominant R wave in Vl and a dominant S in V5 with T wave inversion from V1-V4. The radiological appearance of the heart suggested a giant right atrium. Calcification was seen which appeared to be in the right ventricular wall (Fig. 5) When endomyocardial fibrosis affects the left ventricle to a significant degree the differential diagnosis becomes wider and much more difficult. The signs of right-sided heart failure may then be interpreted as secondary to a left-sided heart lesion. pulmonary congestion indicates a left-sided lesion then congestive cardiomyopathy enters the differential diagnosis (Goodwin et al., 1961) . Neither rheumatic heart disease nor congestive cardiomyopathy need be considered if it is clear that symptoms and signs of pulmonary congestion are absent.
DIAGNOSTIC VALUE OF RIGHT HEART CATHETERIZATION When the left ventricle is unaffected in endomyocardial fibrosis the pulmonary capillary and pulmonary artery pressures are normal. The fibrotic process in the right ventricle reduces its compliance, and the end-diastolic pressure becomes raised with a corresponding rise in the right atrial pressure. Ventricular systole may fail to raise the right ventricular pressure more than a few mm. Hg above the end-diastolic pressure. The tricuspid valve is usually incompetent and so atrial and ventricular pressures may be almost equal during ventricular systole. In this way the configuration of the atrial and ventricular pressure tracings becomes almost identical.
The mean pressures in right atrium, right ventricle, and pulmonary artery approximate to each other. In patients with constrictive pericarditis the pulmonary capillary and artery pressures are usually both slightly raised because the left ventricle shares in the constriction. This is sometimes a helpful point in differentiating right ventricular endomyocardial fibrosis from constrictive pericarditis (Fig. 12) . Table IV gives the values for the right-sided heart pressures in the 3 patients whose histories are described above.
The pressures in Case 2 are typically those of right ventricular endomyocardial fibrosis, as described above. A satisfactory measurement of the pulmonary capillary pressure was not obtained in either of the other 2 patients. The pressures measured in Case 1 strongly suggest endomyocardial fibrosis, however, because of the high end-diastolic pressure in the ventricle in the presence of a mean pulmonary artery pressure at the upper limit of normal. Moderate pulmonary hypertension was present in Case 3 but again the end-diastolic pressure in the ventricle was extremely high. In this patient a giant right atrium helped to exclude constrictive pericarditis as a diagnosis.
The angiocardiographic appearances of endomyocardial fibrosis have been described by Cockshott (1965) . In the right ventricular form of the disease the body of the ventricle appears small and the apex absent. The right atrium is large and there is free tricuspid regurgitation. The appearances are illustrated in Fig. 10 Abrahams (1962) . This dis--proportion is not peculiar to endomyocardial fibrosis, however, and is seen here in some cases of rheumatic heart disease also. Diuretic therapy may make the disproportion more obvious, since the peripheral oedema may disappear while the ascites persists. The protein content of the ascitic fluld in the patients reported has averaged 3 -5 g./lOO0 ml.., a figure higher than that of most transudates. It is high in constrictive pericarditis, however, and values of over 3 g./1OO ml. are quoted by Spodick (1964 Patients from Nigeria with typical severe right ventricular endomyocardial fibrosis have been described as having a heart made massive by an aneurysmal right atrium (Parry, 1964) . In our experience a right atrium as large as that illustrated in Fig. 5 , which is comparable to the pictures published from Nigeria (Abrahams, 1962) Characteristically the fibrosis of the endocardium begins at the apex and extends upwards until the papillary muscles and chordae tendineae are involved in the process (see Fig. 1 ). Tricuspid incompetence is inevitable, and yet the characteristic murmur is often absent even when there is a prominent systolic wave in the jugular pulse and even systolic expansion of the liver. This may be because the tricuspid valve ring is so dilated in many patients that little turbulence is set up during the systolic regurgitation. Abrahams (1962) reported that systolic expansion of the neck veins is the rule in right ventricular endomyocardial fibrosis. For patients in sinus rhythm it has been our experience that the a and v waves of the venous pulse are usually equal in size and the x and y descents prominent. Right atrial pressure tracings reveal that often both the a and v waves are large, indicating a strong atrial contraction and tricuspid regurgitation. The incompetence of the tricuspid valve is also indicated by the finding that in most patients there is little or no pressure gradient between the atrium and right ventricle during ventricular systole. A third sound, loudest over the right ventricle or its outflow tract, is one of the commonest auscultatory features of the disease. It may be high in pitch and unusually early, rather like the early diastolic sound of chronic constrictive pericarditis (Mounsey, 1955) .
The chief electrocardiographic features of severe endomyocardial fibrosis of the right ventricle have been described by others (Abrahams, 1962; Williams and Somers, 1960) . Attention has been drawn in these publications to the low voltages and the frequent occurrence of a P mitrale. These were also common findings in our present series of patients. T wave inversion spreading across the chest leads from Vl to V3 or further, was not uncommon. This is probably a significant abnormality particularly if associated with S-T segment depression. T wave inversion or biphasic T waves from Vl to V3 or further, were recorded in about 15 per cent of normal university students of Bantu origin by Somers and Rankin (1962) , but was usually associated with an increase in the S-T segment. The combination of T wave inversion and S-T segment depression is like that of subendocardial infarction, and could be attributed to the endocardial and subendocardial changes in endomyocardial fibrosis. The same pattern may be seen in association with marked right ventricular hypertrophy, but none of our patients had electrocardiographic evidence of severe hypertrophy. Some patients had evidence of grade I hypertrophy (Hollister and Goodwin, 1963) . It is not easy to understand why there should be any evidence of right ventricular hypertrophy since the right ventricular apex is fibrosed and shrunken. However, the right ventricular outflow tract is dilated and hypertrophied, and perhaps this is one explanation. Alternatively, a dominant S wave in V5 may be attributed to clockwise rotation of the heart by an enlarged right atrium rather than to right ventricular hypertrophy. Abrahams (1962) considered that T wave inversion from V1-V4, which occurred in most of his patients, was also due to cardiac rotation. Clockwise rotation, however, would not explain the S-T segment depression in these leads. The low voltage rsr1 pattern commonly seen in lead Vi, in the absence of other criteria of complete right bundle-branch block, is presumably due to abnormal rates or pathways of right ventricular excitation.
SUMMARY
The clinical features of 28 patients with endomyocardial fibrosis affecting predominantly the right ventricle are described. One-third of patients were under 15 years of age. Pericardial effusions were found in 13 patients. The clinical signs of tricuspid incompetence were found in less than half the patients. A large right atrium was not always evident on routine postero-anterior and lateral radiographs of the chest but was invariably found on cine-angiography. Typical case presentations are discussed with particular reference to diagnosis and the value of right heart catheterization and cineangiography.
